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Physical work demands and psychosocial working conditions as predictors of musculoskeletal pain: a cohort study comparing self-reported and job exposure matrix measurements
InTrOduCTIOn
Job exposure matrices (JEMs), for the assessment of working conditions, have long been applied in occupational medicine, in particular to assess chemical exposures (see, eg, refs 1 2) . Regarding physical and psychosocial working conditions, JEMs are also not a new phenomenon, but there seems to be a growing interest in constructing JEMs for these exposures. In recent years, several studies have applied or validated matrices based on self-reported exposure data aggregated to the job group level in Finland, 3 4 France, 5 Australia 6 and Denmark. 7 8 In these JEMs, a group exposure estimate is constructed, representing the average assessment of the working conditions within the job group. This estimate can then be assigned to other populations without available exposure data, such as large-scale register-based cohorts with information on job titles and health-related information. Furthermore, when examining outcomes that cannot readily be measured without self-report,
What is already known about this subject?
Job exposure matrices (JEMs) for physical work demands and psychosocial working conditions have been developed previously, but little is known regarding the correspondence between results obtained when analysing associations to health outcomes measuring working conditions using JEMs compared with individual-level measures. The few existing studies have analysed data crosssectionally.
What are the new findings?
This study is one of the first to report the correspondence between JEM-level measurements and individual-level measurements of physical work demands and psychosocial working conditions when analysed longitudinally in relation to changes in musculoskeletal pain. With a few exceptions, the associations were generally consistent whether applying individual or JEM level measurements.
How might this impact on policy or clinical practice in the foreseeable future?
The results qualify the examination of associations of physical work demands and psychosocial working conditions with risk of musculoskeletal disorders in large register-based studies that will provide important insights for policy makers and clinicians.
such as pain, the use of JEMs provide a possibility to circumvent reporting bias, which may be problematic when both exposure and outcome are self-reported. 9 However, little is known, regarding whether the longitudinal association of working conditions with health outcomes are similar or different, when using JEM-based measurements compared with individual-level measurements. Five studies [3] [4] [5] [6] have reported associations of JEM and individual level psychosocial or physical working conditions with pain, mental health or self-rated health. However, these have been cross-sectional in nature, and there is a lack of evidence regarding longitudinal associations.
In this study, we examine the prospective associations of physical and psychosocial working conditions with musculoskeletal pain, and compare these associations when exposures are measured using a JEM approach and individual-level exposure data. To compare identical data at the JEM and individual level, we developed a sex-specific and age-specific JEM specifically for this study. We chose musculoskeletal pain as the outcome, because musculoskeletal disorders are leading causes disability, 10 and it is an outcome, where previous findings regarding the role of the working conditions are mixed, [11] [12] [13] [14] [15] [16] which has been attributed, among other reasons, to varying types of exposure measurements.
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METHOds
We used data from The Work Environment and Health in Denmark cohort study (WEHD). WEHD was initiated to document developments in work environment and health in the Danish working population and based on a random sample of employed individuals aged 18-64 years. Data contain biannual questionnaire-based measures of self-reported working conditions from 2012 to 2020. The present analyses used data from 2012 and 2014. There were 17 662 respondents from the random sample of WEHD in 2012 (50% response rate), of which 15 872 were employed and 15 198 could be grouped to a three-digit job group. Of these, 10 891 responded at follow-up in 2014. After deleting participants with missing data on pain at baseline (n=1446) or follow-up (n=1111), or any of the examined working conditions (n=202), the final sample contained 8132 participants.
Measurements
Musculoskeletal pain
We measured musculoskeletal pain using a single-item modified version of the Nordic questionnaire for musculoskeletal symptoms, 17 where respondents indicate if they during the past 3 months had pain in the following regions of the body: 'hips', 'knees', 'arms and/or wrists', 'neck and or/shoulders' and 'lower back', replying 'yes' or 'no' to each body region. All responses were summed to yield a score of the number of body regions with pain, ranging from 0 to 5.
Physical and psychosocial working conditions
Self-reported individual-level working conditions
We included self-reported data from WEHD regarding the following physical work demands (supplementary appendix table A1): sitting, walking or standing, working with the back twisted or bent, arms lifted above the shoulders, repetitive arm movements, squatting kneeling, pushing or pulling and carrying or lifting. In line with previous research, 18 we constructed a summary index for physical work demands by scoring each item from 1 to 6 (higher scores indicate higher demands, sitting reversely coded) and adding the scores. The index ranged from 8 to 48. We also included data on the following psychosocial working conditions (supplementary appendix table A1): quantitative and emotional demands, decision authority, job insecurity and work-related violence. We included these exposures because previous research suggests that they are closely linked with job group and thus might be suitable for JEM estimation. 8 19 We constructed scales ranging 1-5 for each exposure, except work-related violence and job insecurity (that were dichotomised), by scoring each item 1-5 and calculating the mean score.
We also included dichotomously defined variables for high exposure to each continuously measured working condition. We conducted this dichotomisation to allow for the possibility that the JEM might better identify the proportion of highly exposed individuals within job groups, than distinguish average differences in exposure levels. For physical, quantitative and emotional demands, and decision authority, we based the dichotomisation on the distribution of respondents, classifying approximately 10% of respondents as highly exposed. Job strain was defined as the combination of high quantitative demands and low decision authority, as defined by a median split of the continuous scores for these dimensions, in accordance with previous research. 20 We dichotomised the single item for job insecurity into high ('To a very high extent'/'To a high extent') or low ('To some extent'/'To a low extent'/'To a very low extent') and work-related violence into yes or no.
Construction of the JEMs
Based on the self-reported exposure data, we constructed JEMs for each exposure. Participants were categorised in job groups according to their DISCO-08 code, a Danish version of the International Standard Classification of Occupations (ISCO) developed by the International Labour Organization. 21 The DISCO-08 codes were obtained through national Danish registers using monthly assigned job groups from Statistics Denmark's e-income Register. 22 If no job group could be obtained from this register during 3 months before or after survey response, the primary job group during the year was used from the Employment Classification Module. 22 In line with previous research, 4 we required a minimum of 10 participants in each job group. If there were fewer than 10 participants in a group, this group was collapsed with similar small groups, and the participants were reclassified at a higher level of the DISCO code. As an example, participants belonging to groups '111100 Legislators', '111200 Senior Government Officials' and '111400 Senior Officials of Special-interest Organizations' were grouped together at the minor group level '111 Legislators and senior officials'. Participants who could not be grouped in this manner at the three-digit DISCO level or had no job group data were excluded from the analyses (n=674). We used this strategy to avoid basing the JEM on groups with a small number of participants, yielding imprecise exposure estimates and conflating self-reported individual-level measurement with the exposure matrix.
To obtain JEMs that were sex-specific and age-specific, we used statistical modelling to construct the JEMs. For continuous variables, we estimated the predicted mean level of exposure using a generalised linear mixed model with random intercept for job group and the estimated best linear unbiased predictors. We constructed the matrices for men and women separately and inserted a fixed effect of age as a piecewise linear spline, with knots at the quartiles of the age distribution. For dichotomous variables, we estimated the predicted probabilities of exposure given job group, sex and age using a logistic Exposure assessment model. All exposure matrices were constructed using SAS proc glimmix.
Performance of the JEMs
To assess the performance of the JEMs, we calculated intraclass correlation coefficients (ICCs) for continuous variables and area under the curve (AUCs) for dichotomous variables. The ICCs estimate the proportion of the total variance in exposure attributable to job group. The AUCs are known from receiver operating characteristics (ROC) curve analysis 23 and measure the accuracy of a test by summarising the ROC curve. The AUC may be interpreted as the average level of sensitivity (in this case, the proportion of truly exposed classified as exposed by the test) of a measure across all possible levels of specificity (the proportion of truly non-exposed classified as non-exposed by the test). 24 AUC levels may range from 0.50 (test is no better than chance) to 1 (perfect agreement). One suggestion for interpreting the AUCs has been to regard values of ≥0.70 as fair, ≥0.80 as good and ≥0.90 as excellent. 25 However, there is no gold standard for the interpretation of AUCs, and specific cut-off points are arbitrary and cannot be established in a scientifically sound manner. 26 The AUCs of well-established screening tests may provide some context for interpretation. These include AUCs of 0.74-0.95 for mammography screening for breast cancer and 0.82 for MRI as a screening instrument for multiple sclerosis. 26 The AUCs were estimated by comparing the JEMs developed on WEHD 2012 data to self-reported exposure data from WEHD 2014 in an independent sample of participants randomly drawn for WEHD 2014, linked using the 2014 job groups. We did not calculate AUCs cross-sectionally within the 2012 sample, because the self-reported information from this wave was used to construct the JEM and such analysis could overestimate the correspondence between self-reported data and JEM measurements as the two measures are not independent.
Potential confounders
As potential confounders, we included register-based data from year 2012 on sex and age from The Danish Civil Registration System 27 and highest level of completed education from The Population's Education Register. 28 
statistical analyses of associations between working conditions and pain
We analysed data using linear multilevel models with pain as a continuous outcome, including a random intercept across job groups to account for clustering of the JEM data at the job group level. We estimated the level of musculoskeletal pain at follow-up as a function of baseline working conditions, stratified by sex. We applied stepwise adjustment, with a minimally adjusted model including only baseline musculoskeletal pain and further models also including age and education.
Sensitivity analyses
As a sensitivity analysis, we repeated our analyses stratified by pain at baseline, dividing respondents into those with no pain at baseline and with pain at one or more locations at baseline. As results of the main analysis were similar for continuous and dichotomised versions of working conditions variables, this analysis was conducted only using the continuous measures where applicable. We additionally explored whether associations between physical work demands and pain were distinctive for different types of physical work demands by analysing scales for sitting and walking/standing separately from the remaining physical demands. All analyses were conducted in SAS V.9.4 using proc mixed for multilevel modelling and applied a level of statistical significance of p<0.05. rEsulTs Table 1 shows the characteristics of the participants. There were slightly more women (53%) than men. The mean age at baseline was 46 years and 45 years for men and women, respectively. The mean level of musculoskeletal pain at baseline was 1.45 for men and 1.65 for women on a scale ranging 0-5. An overview of the job groups of the participants at the three-digit DISCO level is given in supplementary appendix table A2.
The best performance of the JEMs was seen for physical work demands with more than 50% variance explained at the job group level and an AUC above 0.80 (supplementary appendix table A3 and A4). The JEM-based measures for psychosocial working conditions showed less consistent performance with ICCs ranging from 0.07 (decision authority in women) to 0.36 (emotional demands in women) and AUCs ranging from 0.56 (job strain in men) to 0.86 (violence in women). Online supplementary appendix table A5 and A6 give an overview of the job groups of the highest and lowest levels of exposure and heterogeneity for the continuous measures. Table 2 shows the estimated associations between the working conditions and musculoskeletal pain at follow-up. Physical work demands predicted pain whether measured at the individual level or using the JEM. On average, men reported musculoskeletal pain in 0.03 more body regions per point increase in physical work demands. This corresponds to a difference of 1.20 comparing men with the highest level of physical work demands (48) those with the lowest level (8) . For women, the difference per point on the scale was 0.02, corresponding to a difference of 0.80 associated with the full range of the scale. Also, decision authority showed a statistically significant association with musculoskeletal pain using both exposure approaches but only statistically significantly in men. A one point increase of decision authority measured at the individual level was associated with 0.12 less painful body regions, corresponding to a 0.48 difference in the mean number of painful body regions for the full range of the scale. Measured at the JEM level, men with the highest level of decision latitude reported pain in 1.76 more body regions, when compared with men with the lowest JEM measured level of decision latitude.
Violence was consistently associated with musculoskeletal pain in women whether measured at the individual level or JEM level. High job insecurity was associated with more musculoskeletal pain in men when measured with JEM, whereas higher quantitative demands at the JEM level were associated with less pain at follow-up in both men and women.
sensitivity analysis
The sensitivity analyses are presented in tables 3 and 4. Results were largely similar when conducted separately in participants without pain at baseline and participants with one or more pain sites at baseline. The association of higher JEM-level quantitative demands and decision authority with less musculoskeletal pain, however, was more pronounced in participants with some baseline pain than in participants without baseline pain. When distinguishing sitting and walking/standing from the remaining physical work demands, results were similar to those presented for the complete sum score for physical work demands (results available on request). dIsCussIOn Overall, we found predominately similar associations of physical and psychosocial working conditions with musculoskeletal pain, whether measuring working conditions at the JEM or individual level. Generally, any associations that were consistent at the individual level were also found in the JEM-level analysis. We saw consistent associations with musculoskeletal pain for physical work demands, decision authority in men and violence in women, with both exposure approaches. We also found consistent absence of associations in both approaches for emotional demands measured dichotomously, job strain, job insecurity in women and violence in men. There were also several differences across exposure approaches though, most notably, the JEM-level association of higher quantitative demands with less pain, not present at the individual level. This finding suggests the importance of interpreting analyses of job group level data at the job group level, as they cannot necessarily be extrapolated to the individual level.
Of the examined working conditions, we found the most consistent associations with pain for physical work demands. This finding is in line with previous prospective studies reporting associations between self-reported physical work demands and multisite musculoskeletal pain. 12 29 A suggested mechanism is that high physical work demands lead to increased levels of inflammation, which can modify the autonomous nervous system regulation and/or pain perception, causing multisite pain. 30 However, both the causality and potential mechanisms behind physical work demands and multisite pain remain much debated.
Five previous validation studies of JEMs constructed by aggregating self-reported data have compared risk estimates using individual-level measurements and JEMs in relation to either low back pain, 3 4 mental health 4 6 or self-rated health. 5 All studies analysed the data cross-sectionally and applied binary definitions of the examined exposures. Generally, the studies found weaker associations with health outcomes in JEM-level analyses than using individual-level measures, which is also expected given the exposure misclassification inherent in the JEM approach. 31 In our study, the JEM-level measurements did not generally lead to lower estimates than the individual-level measurements. One explanation could be that we used a model-based approach to construct the JEM, whereas previous studies used means or prevalences of exposure within job groups. Theoretically, the model-based JEMs should yield unbiased associations because measurement error, under certain assumptions, would predominately be Berkson error, resulting in increased statistical uncertainty of the estimates but non-biased associations. 32 Another explanation might be that the previous studies compared cross-sectional associations of individual-level and JEM-level exposures with outcomes. At the individual level, such exposure data might be Exposure assessment affected by reporting bias 33 leading to inflated risk estimates. Using a longitudinal approach, the results from the individual-level exposure data in our study are less prone to such bias, and inference may more readily be drawn, regarding the comparability of individual-level data and JEMs for longitudinal analyses on working conditions and health.
Findings from previous studies on JEM-level psychosocial working conditions have been most consistent for low decision latitude, which has been related to poorer mental health, 6 self-reported health 5 and higher risk of anxiety disorders in men. 8 One study examined prevalence of low back pain as the outcome 4 and found associations with JEM-level monotonous work. Also, after accounting for exposure misclassification by the JEM, the study found higher risk of low back pain in participants with low decision latitude, low social support, high job strain and high demands in men. We found that higher decision authority, a component of decision latitude, was associated with less pain, although only statistically significantly in men. However, we also found that higher JEM-level quantitative demands were associated with less pain at follow-up. This finding is puzzling, particularly given the opposite direction of the association between physical work demands and musculoskeletal pain. The measurement of quantitative demands included items on the boundarylessness of work, which might better capture demands in job groups of higher socioeconomic position, than demands in job groups of lower socioeconomic Table 2 The effect on musculoskeletal pain at follow-up from working conditions measured at the individual level or job exposure matrix (JEM) level position, whereas physical work demands are more prevalent in lower socioeconomic position jobs. 34 The distribution of the JEM-level measurements of the two exposures also showed the highest levels of physical work demands in manual occupations and the highest levels of quantitative demands in managerial occupations (online supplementary appendix table A5). Although we adjusted for a detailed measure of baseline education, we cannot rule out residual confounding by socioeconomic position, and more research to disentangle effects of working conditions and socioeconomic position seems warranted.
For the continuous measures of working conditions, we constructed dichotomised versions, classifying the 10% most exposed participants as highly exposed. We conducted this dichotomisation to allow for the possibility that the JEM might better capture the percentage of highly exposed participants within job groups than distinguish mean differences between groups. The JEMs performed rather similarly, though, when comparing the two versions. If there was a low ICC for the continuous measure, there was usually also a low AUC for the dichotomised measure. One exception was decision authority, with low ICCs but relatively high AUCs. The associations of decision authority with pain were similar for the continuous and the dichotomised measures of the construct, possibly calling into question the usefulness of the ICC as a quality indicator for JEMs. Further research is needed to establish better performance indicators for continuously measured JEMs, possibly incorporating both the variance explained by job group and the exposure contrast.
strengths and limitations
The strengths of this study include the model-based approach to estimating JEMs that are sex-specific and age-specific, the longitudinal design and the study population based on a random sample of the Danish working population, strengthening the generalisability of results. Some limitations should, however, be noted. First, the response rate to the WEHD study was 50%, with respondents more likely than non-respondents to be women, older and have longer education. 35 It is possible that the findings of the present study, despite the random sample, are less generalisable to younger men with shorter education. Second, a relatively high proportion of respondents were excluded due to missing data on pain at baseline (13%) or follow-up (10%). This proportion might be related to the item formulation, where participants were asked to answer yes or no to eight pain sites. Individuals with pain in only few bodily regions may have answered yes to those regions but left the remaining boxes blank, and for these individuals, a sum score could not be calculated. Third, we included no information on several factors that might influence pain, including body mass index, 36 and mental distress. 37 We focused mainly on Exposure assessment comparing the results using JEMs to those using self-reported individual-level measures, and thus included the most essential covariates available in register-based studies. However, the associations could be regarded as minimally adjusted, and caution is warranted in interpreting them as causal. Fourth, the three scales on psychosocial working conditions were specifically constructed for WEHD without formal scale validation. Although the items of the scales were derived and modified from previously validated Danish questionnaires, [38] [39] [40] the lack of formal validation of the specific scales remains a limitation of this study.
COnClusIOn
To conclude, we found predominately consistent prospective associations between working conditions and pain, whether using JEMs or individual-level exposures. The results suggest that, with a few notable exceptions, particularly quantitative demands, most findings obtained using JEMs may be comparable with those obtained when measuring physical work and psychosocial working conditions by self-report.
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